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(54) Optical amplifier for C and L bands 

(57) An optical amplifier is provided for performing 
amplification of optical signals of two wavelength bands, 
where deterioration in the optical SN ratio relative to one 
wavelength band is reduced, with a simple construction 
which can deal with restrictions on installation space, 
power consumption and the like. To this end, the 
present optical amplifier has a C/L band optical amplify- 
ing section for amplifying respective optical signals of a 
C band and an L band, a demultiplexer for demultiplex- 
ing output iightfrom the C/L band optical amplifying sec- 
tion into the C band and the L band, an L band optical 
amplifying section for amplifying L band optical signals 
which have been demultiplexed by the demultiplexer, 
and a multiplexer for multiplexing the C band optical sig- 
nals which have been demultiplexed by the demulti- 
plexer and the L band optical signals which have been 
amplified by the L band optical amplifying section. The 
construction is such that a part of excitation light of a 
1480nm band used in the C/L band optical amplifying 
section is supplied via an input terminal to a Raman 
amplification producing medium of a transmission path, 
and Raman amplified L band optical signals are input to 
the C/L band optical amplifying section. 
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Description 

BACKGROUND OF THE INVENTION 

(1 ) Field of the Invention 5 

[0001] The present invention relates to an optical 
amplifier for amplifying wavelength division multiplexed 
signal light In particular the invention relates to an opti- 
ca! amplifier for collectively amplifying wavelength divi- 
sion multiplexed signal light which includes optical 
signals of two wavelength bands. 

(2) Description of the Related Art 

[0002] With conventional long distance light trans- 
mission systems, light transmission is performed using 
light regeneration repeaters which convert optical sig- 
nals into electric signals to effect re-timing, re-shaping, 
and re-generating. However recently, with progress in 
the utilization of optical amplifiers, optical amplifier 
repeater transmission systems which use optical ampli- 
fiers as linear repeaters are being investigated. By 
replacing a light regeneration repeater with an optical 
amplifier repeater the number of parts in the repeater 
can be greatly reduced, with the prospect of maintaining 
reliability and greatly reducing costs. 
[0003] Furthermore, as one method of realizing a 
large capacity of an optical transmission system, a 
wavelength division multiplexed (WDM) light transmis- 
sion system which multiplexes and transmits two or 
more optical signals having different wavelengths on a 
single optical transmission path is attracting attention. In 
a WDM optical amplifier repeater transmission system 
with the abovementioned optical amplifier repeater 
transmission system combined with a WDM light trans- 
mission system, it is possible to collectively amplify, 
WDM signal light using an optical amplifier, thus ena- 
bling the realization of large capacity and long distance 
transmission with a simple (economic) construction. 
[0004] For the wavelength band of the WDM signal 
light used in the abovementioned conventional optical 
transmission system, in addition to a so called C band of 
a 1550nm band, recently a so called L band of a 
1 580nm band is being investigated. Moreover, a WDM 
optical amplifier repeater transmission system where 
both are transmitted on a single transmission line (a C/L 
band WDM optical amplifier repeater transmission sys- 
tem) is being investigated. 

[0005] As an optical amplifier having an optical 
amplification band in both the C band and the L band, 
there is known for example an article "Recent Research 
Progress in Broadband Optical Fiber Amplifiers" by 
Yamada et al, Technical Report of IEICE. OCS 97-42, 
ED 97-132 OPE 97-87 LQE 97-87 (1997-11). The 
present optical amplifier, as shown in FIG. 23 is of a 
simple parallel construction where an input WDM signal 
light is demultiplexed by a demultiplexer into a C band 



and an L band, and after being respectively amplified in 
a C band optical amplifying section and an L band opti- 
cal amplifying section, is multiplexed by a multiplexer 
and then output. 

[0006] However, since the demultiplexer is provided 
on the input side of the respective C band and the L 
band optical amplifying sections, there is a problem that 
the noise figure deteriorates by the insertion loss por- 
tion. As a technique for coping with this, there is known 
for example an optical amplifier disclosed for example in 
"Optical Amplifiers and their Applications, Post deadline 
2 of '97 published by Lucent Technologies. A schematic 
construction of this is shown in the block diagram of 
FIG. 24. With the construction of FIG. 24, a C/L band 
optical amplifying section having an amplifying band in 
both the C band and the L band is arranged in the pre- 
stage of the demultiplexer in the construction of FIG. 23. 
Hence at least a gain equal to or greater than the inser- 
tion loss part of the demultiplexer is ensured by the C/L 
band optical amplifying section, so that an improvement 
in the noise figure is achieved. 

[0007] However, with the above mentioned C/L 
band optical amplifier, there is the drawback in that 
there are many cases where the noise figure for the C 
band optical amplifying section and the noise figure for 
the L band optical amplifying section are different, so 
that in general, the optical SN ratio for the optical signal 
of the L band deteriorates compared to that for the opti- 
cal signal of the C band. More specifically, in the case 
where an optical fiber amplifier which uses rare earth 
element doped fiber is employed in the optical amplify- 
ing sections of the respective bands, it is known that the 
noise figure for the L band optical amplifying section 
deteriorates by 1dB. 

[0008] Furthermore, with the optical amplifier of the 
construction as shown in FIG. 24, since this has three or 
more optical fiber amplifier sections, the number of exci- 
tation light sources also increases. As a result, the 
power consumption of the overall optical amplifier 
increases. In particular, in the case where, as with opti- 
cal amplifiers used for example as undersea repeaters 
or the like, there are restrictions from the view point of 
installation space, power consumption or other factors, 
it is difficult to realize a construction such as shown in 
FIG. 24. 

[0009] Furthermore, it is also important to control 
the balance of the optical power of the C band and the L 
band. That is to say, in the case of a setting where the 
number of optical signals (channel number) included in 
the respective bands is different or in the case where 
this setting is changed during operation, it is necessary 
to appropriately control the respective operations of the 
optical amplifying sections for the respective bands to 
ensure the required transmission characteristics. 

SUMMARY OF THE INVENTION 

[0010] The present invention focuses on the above 
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points, with a first object of providing an optical amplifier 
for performing amplification of optical signals of two 
wavelength bands, wherein deterioration in the relative 
optical SN ratio for one wavelength band is reduced. 
Moreover, a second object is to provide an optical ampli- 5 
fier of a simple construction which can deal with restric- 
tions on installation space, power consumption and the 
like. Furthermore, a third object is ^o provide an optical 
amplifier enabling the balance control of the optical 
power with respect to respective wavelength bands is io 
possible. 

[0011] In order to achieve the abovementioned 
objects, a first aspect of an optical amplifier according to 
the present invention for amplifying wavelength division 
multiplexed signal light which contains respective opti- is 
cal signals of a first wavelength band (for example 
1550nm band etc.) and a second wavelength band (for 
xample 1580nm band etc.), comprises an optical 
amplifying device for amplifying the wavelength division 
multiplexed signal light using a rare earth element 20 
doped fiber to which excitation light is supplied, wherein 
the excitation light used by the optical amplifying device 
has a wavelength capable of producing Raman amplifi- 
cation with respect to optical signals of the second 
wavelength band, and by supplying a part of the excita- 25 
tion light used in the optical amplifying device to a 
Raman amplification producing medium which forms at 
least a part of an external transmission path arranged 
on a pre-stage side of the optical amplifying device, 
wavelength division multiplexed signal light which con- 30 
tains optical signals of the second wavelength band 
which have been Raman amplified by the Raman ampli- 
fication producing medium, are input to the optical 
amplifying device. 

[0012] With such a construction, the optical signals 35 
of the second wavelength band can be Raman ampli- 
fied, by employing a part of the excitation light used in 
the optical amplifying device. Hence the optical signals 
of the second wavelength band which have been 
Raman amplified are amplified by the optical amplifying 40 
device. As a result, the optical SN ratio for the second 
wavelength band is improved, and optical signals with 
uniform characteristics in the respective wavelength 
bands can be obtained. 

[0013] As one specific construction for the above 45 
mentioned optical amplifier, there may be provided a 
demultiplexing device for demultiplexing the wavelength 
division multiplexed signal light into respective optical 
signals of a first wavelength band and a second wave- 
length band, and a multiplexing device for multiplexing so 
respective optical signals of the first wavelength band 
and the second wavelength band which have been 
demultiplexed by the demultiplexing device, and the 
optical amplifying device may have a first amplifying 
section for amplifying optical signals of the first wave- ss 
length band which have been demultiplexed by the 
demultiplexing device, and a second amplifying section 
for amplifying optical signals of the second wavelength 



band which have been demultiplexed by the demulti- 
plexing device, the construction being such that by sup- 
plying via the demultiplexing device a part of the 
excitation light used in the first amplifying section to the 
Raman amplification producing medium, optical signals 
of the second wavelength band which have been 
Raman amplified by the Raman amplification producing 
medium, are input via the demultiplexing device to the 
second optical amplifying section. 
[0014] Furthermore, as another specific construc- 
tion for the abovementioned optical amplifier, there may 
be provided a demultiplexing device for demultiplexing 
the wavelength division multiplexed signal light into 
respective optical signals of a first wavelength band and 
a second wavelength band, and a multiplexing device 
for multiplexing respective optical signals of the first 
wavelength band and the second wavelength band 
which have been demultiplexed by the demultiplexing 
device, and the optical amplifying device may have a 
pre-stage amplifying section for collectively amplifying 
the wavelength division multiplexed signal light input to 
the demultiplexing device, and a second optical amplify- 
ing section for amplifying only optical signals of the sec- 
ond wavelength band which have been demultiplexed 
by the demultiplexing device, the construction being 
such that by supplying a ;jart of the excitation light used 
in the pre-stage optical amplifying section to the Raman 
amplification producing medium, wavelength division 
multiplexed signal light which contains optical signals of 
the second wavelength band which have been Raman 
amplified by the Raman amplification producing 
medium are input to the ore-stage optical amplifying 
section. 

[0015] Another aspect of an optical amplifier 
according to the present invention for amplifying wave- 
length division multiplexed signal light which contains 
respective optical signals of a first wavelength band (for 
example a 1550 nm band etc.) and a second wave- 
length band (for example a 1580nm band etc.) may 
comprise a pre-stage optical amplifying device for col- 
lectively amplifying respective optical signals of the first 
wavelength band and the second wavelength band for 
the wavelength division multiplexed signal light, a 
demultiplexing device for demultiplexing the wavelength 
division multiplexed signal light which has been ampli- 
fied by the pre-stage amplifying device into optical sig- 
nals of a first wavelength band and optical signals of a 
second wavelength band, a post-stage optical amplify- 
ing device for amplifying only optical signals of the sec- 
ond wavelength band which have been demultiplexed 
by the demultiplexing device, and a multiplexing device 
for multiplexing optical signals of the first wavelength 
band which have been demultiplexed by the demulti- 
plexing device, and optical signals of the second wave- 
length band which have been amplified by the post- 
stage optical amplifying device. 

[0016] With such a construction, in the pre-stage 
optical amplifying device provided at the input stage, the 
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optical signals of the first wavelength band are amplified 
to a sufficient level, while for the optical signals of the 
second wavelength band, the insufficient gain portion is 
amplifi d by the post-stage optical amplifying device. As 
a result, the construction can be simplified compared to 5 
the conventional optical amplifier. 
[0017] Furthermore, the abovementioned optical 
amplifier is preferably constructed to comprise a first 
power monitor device for monitoring the optical signal 
power of the first wavelength band which has been 10 
demultiplexed by the demultiplexing device, a second 
power monitor device for monitoring the optical signal 
power of the second wavelength band which has been 
amplified by the post-stage optical amplifying device, 
and an optical power deviation control device for con- 15 
trolling th operation of at least one of the pre-stage 
optical amplifying device and the post-stage optical 
amplifying device in response to the respective monitor 
results of the first and second power monitor devices, so 
that the optical power deviation for the first and the sec- 20 
ond wavelength bands becomes constant. 
[0018] With such a construction, balance control of 
the optical power of the first wavelength band and the 
second wavelength band is performed. As a result, the 
optical amplification for the respective wavelength 25 
bands can be more stably performed. Moreover, it is 
possible to flexibly correspond to changes in the chan- 
nels being used. 

[0019] By combining the two aspects of the optical 
amplifier according to the present invention as so 
described above, that is to say, by Raman amplifying the 
optical signals of the second wavelength band using a 
part of the excitation light used in the optical amplifying 
device, and omitting the first optical amplifying section 
for amplifying the demultiplexed optical signals of the 35 
first wavelength band, the construction can be simpli- 
fied. Moreover, a construction is also possible where 
balance control for the respective wavelength bands is 
performed. 

[0020] Other objects, features and advantages of 40 
the present invention will become apparent from the fol- 
lowing description of embodiments given in conjunction 
with the appended drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 45 
[0021] 



tion of an optical amplifier according to a s cond 
embodiment of the present invention. 
FIG. 5 is a block diagram showing a construction of 
an optical amplifier according to a third embodiment 
of the present invention. 

FIG. 6 is a diagram showing another structural 
example related to the third embodiment 
FIG. 7 is a block diagram showing a construction of 
an optical amplifier according to a fourth embodi- 
ment of the present invention. 
FIG. 8 is a block diagram showing a basic construc- 
tion of an optical amplifier according to a fifth 
embodiment of the present invention. 
FIG. 9 is a block diagram showing a construction of 
an optical amplifier according to a sixth embodi- 
ment of the present invention. 
FIG. 10 is a diagram showing another structural 
example related to the sixth embodiment. 
FIG. 11 is a block diagram showing a construction 
of an optical amplifier according to a seventh 
embodiment of the present invention. 
FIG. 12 is a diagram showing another structural 
example related to the seventh embodiment. 
FIG. 13 is a block diagram showing a basic con- 
struction of an optical amplifier according to an 
eighth embodiment of the present invention. 
FIG. 14 is a diagram showing a specific structural 
example (1 ) of the eighth embodiment. 
FIG. 15 is a diagram showing a specific structural 
example (2) of the eighth embodiment. 
FIG. 16 is a diagram showing a modified example 
related to the structural example (2) of the eighth 
embodiment. 

FIG. 17 is a diagram showing a specific structural 

example (3) of the eighth embodiment. 

FIG. 18 is a diagram showing a modified example 

related to the structural example (3) of the eighth 

embodiment. 

FIG. 19 is a diagram showing a specific structural 
example (4) of the eighth embodiment 
FIG. 20 is a diagram showing a specific structural 
example (5) of the eighth embodiment 
FIG. 21 is a diagram showing a specific structural 
example (6) of the eighth embodiment 
FIG. 22 is a block diagram showing a schematic 
construction for where a processing function for a 
supervisory control signal is provided in the respec- 
tive embodiments of the present invention. 
FIG. 23 is a block diagram showing a construction 
of a conventional C/L band optical amplifier. 
FIG. 24 is a block diagram showing the construction 
of a conventional C/L band optical amplifier for 
compensating insertion losses of a demultiplexing 
device. 

EMBODIMENTS OF THE INVENTION 

[0022] Hereunder is a description of embodiments 



FIG. 1 is a block diagram showing a basic construc- 
tion of an optical amplifier according to a first so 
embodiment of the present invention. 
FIG. 2 is a diagram showing an example of a trans- 
mission path used in the above mentioned first 
embodiment 

FIG. 3 is a diagram with wavelength characteristics 55 
related to gain per unit length of a typical EDF 
shown for each population inversion rate. 
FIG. 4 is a block diagram showing a basic construc- 
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of the present invention based on the drawings. 
[0023] FIG. t is a block diagram showing a basic 
construction of an optical amplifier according to a first 
embodiment. 

[0024] In FIG. 1, the present optical amplifier has a 5 
demultiplexer 1 serving as a demultiplexing device for 
demultiplexing WDM signal light input from an external 
transmission path L via a terminal IN, into a C band opti- 
cal signal and an L band optica! signal, a C band optical 
amplifying section 2 serving as a first optical amplifying io 
section for amplifying the C band optical signals which 
have been demultiplexed by the demultiplexer 1 , an L 
band optical amplifying section 3 serving as a second 
optical amplifying section for amplifying the L band opti- 
cal signals which have been demultiplexed by the is 
demultiplexer 1, and a multiplexer 4 serving as a multi- 
plexing device for multiplexing optical signals which 
hav been respectively amplified by the C band optical 
amplifying section 2 and the L band optical amplifying 
section 3, and outputting these to the outside via a ter- 20 
minal OUT. 

[0025] Here, the C band corresponds to a first 
wavelength band. More specifically, this represents a 
wavelength band (1 550nm band) for example from 1 525 
to 1565nm. Furthermore, the L band corresponds to a 25 
second wavelength band. More specifically, this repre- 
sents a wavelength band (1580nm band) for example 
from 1565 to 1610nm. However, the first and second 
wavelength bands applicable to the present invention, 
are not limited to the above mentioned range. 30 
[0026] The C band optical amplifying section 2 
includes for example an erbium doped fiber (hereunder 
EDF) 2A, a WDM coupler 2B, an excitation light source 
(LD) 2C, and an optical isolator 2D. 

[0027] The EDF 2A is a known rare earth doped 35 
fiber with erbium (Er) doped into an optical fiber. The 
length etc. thereof is optimized so as to have an ampli- 
fying band at least for the C band. The specific setting of 
this EDF 2A is described later. The WDM coupler 2B is 
an optical coupler for supplying excitation light gener- 40 
ated by the excitation light source 2C, to the EDF 2A 
from a rear side. The excitation light source 2C is atyp- 
ical light source which generates excitation light of a 
wavelength band (for example 1 480nm band etc.) which 
can excite the erbium inside the EDF 2A, and which can 45 
produce Raman amplification inside the external trans- 
mission path L with respect to L band optical signals. 
The optical isolator 2D is a typical optical component 
which passes light only in a direction from the WDM 
coupler 2B towards the multiplexer 4. so 
[0028] The L band optical amplifying section 3 com- 
prises for example an optical isolator 3 A, a WDM cou- 
pler 3B, an EDF 3C, and an excitation light source (LD) 
3D. 

[0029] The optical isolator 3A only passes light in a 55 
direction from the demultiplexer 1 towards the WDM 
coupler 3B. The WDM coupler 3B is an optical coupler 
which couples L band optical signals which have 
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passed through the optical isolator 3A with excitation 
light generated by the excitation light source 3D, and 
supplies this to the EDF 3C. The EDF 3C is a known 
rare earth doped fiber with erbium doped into an optical 
fiber. The length etc. thereof is optimized so as to have 
an amplifying band only for the L band. The specific set- 
ting of this EDF 3C is also described later. The excita- 
tion light source 3D is a typical light source which 
generates excitation light of a wavelength band (for 
example the 980nm band or the 1480 band etc.) which 
can excite the erbium inside the EDF 3C. 
[0030] In the case where L band optical amplifica- 
tion is performed using the EDF, in consideration of the 
influence of the generation of spontaneous emission 
(ASE) light, in general this is made a forward excitation 
type construction. However, there is also the case 
where excitation light is also supplied from the rear side 
of the EDF, that is to say this is made a bidirection exci- 
tation type, to achieve an improvement in excitation effi- 
ciency. 

[0031] Furthermore, with the external transmission 
path L connected to the present optical amplifier, an 
optical fiber designed with the non-linear effective cross 
section reduced compared to a 1 .3u,m zero dispersion 
single mode fiber (SMF) generally used as an optical 
transmission path, so that the production of Raman 
amplification is facilitated, is used at least on the side 
connected to the terminal IN of the optical amplifier. 
[0032] More specifically, for example as shown in 
FIG. 2, it is suitable to employ a hybrid transmission 
path which uses a positive dispersion fiber (for example 
a1.3)im zero dispersion SMF etc.) with a relatively 
large non-linear effective cross section having a positive 
wavelength dispersion value and a positive dispersion 
slope with respect to the signal light wavelength band, in 
a first half of a repeater section (the output side of the 
optical amplifier), and a negative dispersion fiber RDF 
with a relatively small non-linear effective cross section 
having a negative wavelength dispersion value and a 
negative dispersion slope, in a last half of the repeater 
section (the input side of the optical amplifier). By apply- 
ing this hybrid transmission path, the excitation light of 
1480nm which has leaked out from the input terminal of 
1 the optical amplifier is supplied to the RDF, so that effec- 
tively, Raman amplification is produced with respect to 
the L band optical signal. Furthermore, concurrent with 
this, the wavelength dispersion and dispersion slope 
produced by the first half 1.3 ujti zero dispersion SMF 
are compensated for by the last half RDF The tech- 
nique for transmitting WDM signal light using such a 
hybrid transmission path has been previously proposed 
by the present applicant (refer to Japanese Patent 
Application No. 11-58499, and Japanese Patent Appli- 
cation No. 11-104158). 

[0033] The transmission path L connected to the 
optical amplifier according to the present invention is 
not limited to a hybrid transmission path such as 
described above, and may be one where an optical fiber 
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with a non-linear effective cross section which is smaller 
than a 1.3um zero dispersion SMF, is used over the 
entire region of the repeater section. Moreover, as an 
optical fiber with a small non-linear effective cross sec- 
tion, other than the above mentioned RDF, for example 
a dispersion shifted fiber (DSF) or the like may be used. 
[0034] Here is a description concerning the setting 
conditions for an EDF having an amplifying band in the 
above mentioned C band or L band. 
[0035] FIG. 3 is a diagram with wavelength charac- 
teristics related to gain per unit length of a typical EDF 
shown for each population inversion rate (0.0 - 1.0). 
[0036] As shown in FIG. 3, for the C band (1550nm 
band), this has a positive gain when, the population 
inversion rate is approximately 0.55 or more. For the L 
band (1580nm band), this has a positive gain when the 
population inversion rate is approximately 0.4 or more, 
however, if the population inversion rate increases, the 
wavelength dependency of the gain increases. For the L 
band, the population inversion rate where a compara- 
tively flat gain wavelength characteristic can be 
obtained is around a range of 0.45 ~ 0.55. 
[0037] Consequently, with the C band optical ampli- 
fication, the length and excitation optical power of the 
EDF 2A is set so that the average population inversion 
rate in the longitudinal direction of the EDF 2A is 0.55 or 
more. By so doing, the C band optical signal can be 
amplified up to a required level. In the case of this set- 
ting, although the L band optical signal can also be 
amplified, the gain thereof is smaller than the gain of the 
C band with the characteristic that the gain deviation 
with respective to wavelength is also large. On the other 
hand, with the L band optical amplification, the length 
and excitation optical power of the EDF 3C is set so that 
the average population inversion rate in the longitudinal 
direction of the EDF 3C is in the range of 0.45 ~ 0.55. 
By so doing, only the L band optical signal can be ampli- 
fied at a flat gain wavelength characteristic. The L band 
optical amplification with such a low population inver- 
sion rate can be realized, with a method such as where 
the typical EDF used in the C band optical amplification 
is lengthened and the population inversion rate 
reduced. 

[0038] Here is a brief description concerning the 
above mentioned Raman amplification. 
[0039] Raman amplification is a phenomenon 
where, by supplying a required excitation light to a 
Raman amplification producing medium, an optical sig- 
nal propagated inside the Raman amplification produc- 
ing medium is amplified. The wavelength band where 
Raman amplification is produced is known to change in 
accordance with the wavelength band of the Raman 
excitation light More specifically, with a wavelength 
band used for optical communication, it can be consid- 
ered that Raman amplification is produced in a wave- 
length band shifted from a Raman excitation light 
wavelength by approximately 100nm to the long wave- 
length side. Furthermore, Raman amplification has the 



characteristic of being easily produced in an optical fiber 
where the non-linear effective cross section is small. 
Consequently, with the construction shown in FIG. 1, in 
the C band optical amplifying section 2, Raman amplifi- 
5 cation is produced with respect to optical signals of the 
L band (1 580nm band) inside the small non-linear effec- 
tive cross section RDF of the transmission path L to 
which the excitation light of the wavelength 1480nm 
band output from the excitation light source 2C is sup- 
to plied. 

[0040] Next is a description of the operation of the 
optical amplifier of the first embodiment. 
[0041] With the present optical amplifier, due to the 
excitation light of the 1480nm band leaked out to the 

15 transmission path L from the C band optical amplifying 
section 2 via, the demultiplexer 1 and the terminal IN, 
Raman amplification is produced in the transmission 
path L with respect to the L band optical signal, and the 
WDM signal light which contains the L band optical sig- 

20 nals which have been Raman amplified, is input to the 
demultiplexer 1 via the terminal IN. 
[0042] In the demultiplexer 1 , the input WDM signal 
light is demultiplexed for each of the respective bands, 
and the C band optical signal is sent to the C band 

25 amplifying section 2, and the L band optical signal is 
sent to the L band optical amplifying section 3. In the C 
band optical amplifying section 2, the optical signal from 
the demultiplexer 1 is sent to the EDF 2A. The excitation 
light from the excitation light source 2C is supplied to 

30 the EDF 2A via the WDM coupler 2B to give the excited 
condition of the EDF 2A. Then, the C band optical signal 
is propagated inside the EDF 2A and amplified to a 
required level by the induced emission. The amplified C 
band optical signals are then sent to the multiplexer 4 

35 via the WDM coupler 2B and the optical isolator 2D. 
[0043] In the L band optical amplifying section 3, 
the Raman amplified L band optical signal which has 
been sent from the demultiplexer 1, is sent to the EDF 
3C via the optical isolator 3A and the WDM coupler 3B. 

4o The excitation light of the wavelength 1480nm band 
from the excitation light source 3D is supplied to the 
EDF 3C via the WDM coupler 3B to give the excited 
condition of the EDF 3C. Then, the L band optical signal 
is propagated inside the EDF 3C and amplified to a 

45 required level by the induced emission. 

[0044] Optical signals of each band which have 
been respectively amplified by the C band optical ampli- 
fying section 2 and the L band optical amplifying section 
3 are sent to the multiplexer 4 to be multiplexed, and 

so then output to the outside of the present amplifier via the 
terminal OUT. 

[0045] With the first embodiment as described 
above, the construction is such that the excitation light 
of the 1480nm band supplied to the EDF 2A in the C 
55 band optical amplifying section 2 is leaked out to the 
external transmission path L via the demultiplexer 1 and 
the terminal IN, and by using a part of the excitation light 
to the EDF 2A to produce Raman amplification in the 
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transmission path L, the optical signal level of the L 
band which is contained in the WDM signal light input to 
the present optical amplifier, increases. Thecefore, the 
optical SN ratio of the L band optica) signal output from 
the L band optical amplifying section 3 can be improved. 
As a result, the optical SN ratio where heretofore the L 
band is deteriorated compared to the C band, can be 
given approximately the same characteristics by using 
Raman amplification. 

[0046] Next is a description of a second embodi- 
ment of the present invention. 

[0047] FIG. 4 is a diagram showing a basic con- 
struction of an optical amplifier according to the second 
embodiment. Parts of the same construction as for the 
first embodiment are denoted by the same reference 
numerals. The same applies for the subsequent figures. 
[0048] In FIG. 4, the optical amplifier has a C/L 
band optical amplifying section 5 as a pre-stage amplifi- 
cation section for amplifying WDM signal light input from 
an external transmission path L via a terminal IN, a 
demultiplexer 1 for demultiplexing optical signals which 
have been amplified by the C/L band optical amplifying 
section 5 into a C band optical signal and an L band 
optical signal, an L band optical amplifying section 3 for 
amplifying L band optical signals which have been 
demultiplexed by the demultiplexer 1 , and a multiplexer 
4 for multiplexing the C band optical signals which have 
been demultiplexed by the demultiplexer 1 , and the L 
band optical signals which have been amplified by the L 
band optical amplifying section 3, and outputting these 
to an external transmission path L via a terminal OUT. 
[0049] The C/L band optical amplifying section 5 
comprises for example an EDF 5A, a WDM coupler SB, 
an excitation light source (LD) 5C, and an optical isola- 
tor 5D. 

[0050] With the EDF 5A, one end is connected to 
the terminal IN, and the other end is connected to the 
WDM coupler 5B, and excitation light generated by the 
excitation light source 5C is supplied from a rear side 
via the WDM coupler 5B. With this EDF 5A, the length 
thereof is optimized so that this has an amplification 
band for both the C band and the L band. More specifi- 
cally, as with the case for the optical amplification of the 
C band described above using FIG. 3, the length etc. is 
set so that the average population inversion rate in the 
longitudinal direction of the EDF 5A is 0.55 or more. As 
a result, the respective optical signals of the C band and 
the L band are amplified. However, for the optical ampli- 
fication of the L band, the characteristics are such that 
the gain thereof is very much smaller than the gain for 
the C band, and the gain wavelength characteristics 
also have a comparatively large slope. The excitation 
light source 5C is a typical light source which can excite 
the erbium inside the EDF 5A, and which generates 
excitation light of a wavelength band (for example the 
1480nm band) which can activate Raman amplification 
inside the external transmission path L with respect to 
the L band optical signal. The optical isolator 5D passes 



only light in a direction from the WDM coupler 5B 
towards the demultiplexer 1 . 

[0051] The demultiplexer 1, the L band optical 
amplifying section 3 and the multiplexer 4 are the same 

5 as those used in the first embodiment, and hence 
description is omitted. Furthermore, for the external 
transmission path L connected to the present optical 
amplifier, as with the case of the first embodiment, an 
optical fiber where the non-linear effective cross section 

10 is small compared to the typical 1 .3u.m zero dispersion 
SMF so that Raman amplification can be easily pro- 
duced, is at least used on the side connected to the ter- 
minal IN of the optical amplifier. Preferably a hybrid 
transmission line as shown in FIG. 2 is used with two 

15 types of optical fiber connected together. 

[0052] Next is a description of the operation of the 
optical amplifier of the second embodiment. 
[0053] With the present optical amplifier, due to the 
excitation light of the 1 480nm band leaked out to the 

20 transmission path L from the C/L band optical amplify- 
ing section 5 via the terminal IN, Raman amplification is 
produced in the transmission path L with respect to the 
L band optical signals, and the WDM signal light which 
contains the L band optical signals which have been 

25 Raman amplified, is input to the C/L band optical ampli- 
fying section 5 via the terminal IN. 
[0054] With the WDM signal light input to the C/L 
band optical amplifying section 5, the respective optical 
signals of the C band and the L band are collectively 

30 amplified. By means of the amplifying affect of the C/L 
band optical amplifying section 5, insertion losses in at 
least the post-stage demultiplexer 1 are compensated 
for. 

[0055] The WDM signal light output from the C/L 
35 band optical amplifying section 5 is demultiplexed for 
each of the respective bands by the demultiplexer 1 , 
and the L band optical signals are sent to the L band 
optical amplifying section 3. In the L band optical ampli- 
fying section 3, as with the case of the first embodiment, 
40 the L band optical signals are amplified to a required 
level by induced emission. Then, the C band optical sig- 
nals demultiplexed by the demultiplexer 1 , and the L 
band optical signals amplified by the L band optical 
amplifying section 3 are sent to the multiplexer 4 and 
45 coupled, and then output to the transmission path L via 
the terminal OUT. 

[0056] As described above, with the second 
embodiment, the construction is such that there is pro- 
vided the C/L band optical amplifying section 5 between 

so the terminal IN and the demultiplexer 1 , and in the OIL 
band optical amplifying section 5, the excitation light of 
the 1480nm band supplied to the EDF 5A leaks out to 
the external transmission path L via the terminal IN. Fur- 
thermore, since the input level of the L band optical sig- 

55 nal input to the present optical amplifier increases by 
producing Raman amplification in the transmission path 
L with respect to the L band optical signal, the optical 
SN ratio of the L band optical signal for the overall opti- 
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cal amplifier can be improved As a result, the optical 
SN ratio where heretofore the L band is deteriorated 
compared to the C band, can be given approximately 
the same characteristics by using Raman amplification. 
Of course, as with the conventional case, since the 
insertion losses of the demultiplexer 1 are also compen- 
sated for by the C/L band optical amplifying section 5, 
there is also the effect of suppressing deterioration of 
the noise figure due to insertion of the demultiplexer 1 . 
[0057] Next is a description of a third embodiment 
of the present invention. 

[0058] With the third embodiment, the case is con- 
sidered where for example in the second embodiment 
described above, compensation for the wavelength dis- 
persion and dispersion slbpe, or compensation for the 
gain wavelength characteristics can be executed inside 
the optical amplifier. 

[0059] FIG. 5 shows a structural example of an opti- 
cal amplifier according to the third embodiment. 
[0060] In FIG. 5, the construction of the present 
optical amplifier is such that compensation optica! 
devices 6C and 6L are respectively provided on the light 
transmission paths corresponding to the respective 
bands, between the demultiplexer 1 and the multiplexer 
4. Here, the compensation optical device 6C corre- 
sponding to the C band is inserted between the demul- 
tiplexer 1 and the multiplexer 4, while the compensating 
optical device 6L corresponding to the L band is 
inserted between the L band optical amplifying section 
3 and the multiplexer 4. The insertion position of the 
compensating optical device 6L, while not shown in the 
figure, may be between the demultiplexer 1 and the L 
band optical amplifying section 3. 
[0061] For the respective compensating optical 
devices 6C and 6L, for example these may be typical 
optical passive parts such as a dispersion compensat- 
ing fiber (DCF) or a fiber grating used for compensating 
for wavelength dispersion and dispersion slope which 
are produced and accumulates in the transmission path 
L conn cted to the present optical amplifier. Alterna- 
tively, these may be known gain equalizers having a 
loss wavelength characteristic corresponding to the 
gain wavelength characteristics of the C/L band optical 
amplifying section 5 or the L band optical amplifying 
section 3. In the case where dispersion compensation 
and compensation for gain wavelength characteristics 
are carried out at the same time, a DCF and a gain 
equalizer may be cascade connected for each of the 
respective bands. 

[0062] By having the above described construction, 
then in addition to the operational effect for the case of 
the second embodiment, wavelength dispersion and 
dispersion slope or gain deviation between respective 
wavelengths are compensated for inside the optical 
amplifier. Hence the transmission characteristics of th 
WDM signal light can be improved. 
[0063] With the above described third embodiment, 
the construction is such that there is provided a com- 



pensation optical device for each of the respective 
bands. However for example as shown in FIG. 6, a com- 
pensation optical device 6CL which can perform com- 
pensation for the C band and the L band collectively, 
5 may be also provided between the multiplexer 4 and the 
terminal OUT. 

[0064] Next is a description of a fourth embodiment 
of the present invention. 

[0065] With the fourth embodiment, the case is con- 
10 sidered where for example in the second embodiment 
described above, automatic level control (ALC) for con- 
trolling the output from the optical amplifier to be con- 
stant, and automatic gain control (AGC) for controlling 
the gain in the optical amplifier to be constant, are exe- 
15 cuted. 

[0066] FIG . 7 shows a structural example of an opti- 
cal amplifier according to the fourth embodiment 
[0067] In FIG. 7, the present optical amplifier is con- 
structed such that there is provided an AGC circuit 30 
20 for the L band optical amplifying section 3, and there is 
provided an ALC circuit 50 for the C/L ban d optical 
amplifying section 5. 

[0068] The AGC circuit 30 uses a signal for where a 
part of the L band optical signal for input to the L band 

25 optical amplifying section 3 is branched by an optical 
coupler 30A, and photoelectrically converted by a pho- 
todetector 30B, and a signal for where a part of the opti- 
cal signal output from the L band optical amplifying 
section 3 is branched by an optical coupler 30C and 

30 photoelectrically converted by a photodetector 30D, to 
compute a gain in the L band optical amplifying section 
3, and outputs to the L band optical amplifying section 3, 
a control signal for controlling the amplificatior. opera- 
tion so that this gain becomes constant. In the L band 

35 optical amplifying section 3 which receives the control 
signal from the AGC circuit 30, for example the injection 
current or the like of the excitation light source 3D is 
adjusted according to the control signal. 
[0069] The ALC circuit 50 compares the signal for 

40 where a part of the WDM signal light output from the 
multiplexer 4 is branched by an optical coupler 50A and 
photoelectrically converted by a photodetector SOB, 
with a previously set reference signal, and outputs to the 
C/L band optical amplifying section 5, a control signal 

45 for controlling the amplification operation so that the 
level of the WDM signal light output from the present 
optical amplifier becomes constant. In the C/L band 
optical amplifying section 5 which receives the control 
signal from the ALC circuit 50, for example the injection 

so current or the like of the excitation light source 5C is 
adjusted according to the control signal. 
[0070] As described above, with the fourth embodi- 
ment, in addition to the effect for the case of the second 
embodiment, by subjecting the L band optical amplify- 

55 ing section 3 to AGC operation, then even in the case 
where the input light level of the L band changes, fluctu- 
ations in the gain wavelength characteristics are sup- 
pressed. Hence stable optical amplification can be 
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performed. Furthermore, by monitoring the output opti- 
cal level and subjecting the C/L band optical amplifying 
section 5 to ALC operation, then even in the case where 
the input light level to the present optical amplifier 
changes, a constant level WDM signal light can be out- 
put. Hence stabilized amplification repeater transmis- 
sion for the WDM signal light becomes possible. 
[0071] With the above fourth embodiment, the case 
is shown for where AGC and ALC are executed concur- 
rently, however control with only one of AGC and ALC 
can be applied. Furthermore, for the first and third 
mbodiments also, AGC and ALC may be similarly exe- 
cuted. In the case where ALC is applied to the first 
embodiment, the respective amplification operation for 
the C band optical amplifying section 2 and the L band 
optical amplifying section 3 may be adjusted in accord- 
ance with the control signal of the ALC circuit. 
[0072] Next is a description of a fifth embodiment of 
the present invention. 

[0073] With the above described first through fourth 
embodiments, a part of the excitation light of the 
1480nm band supplied to the EDF is used to produce 
Raman amplification with respect to the L band optical 
signal, to thereby improve the optical SN ratio for the L 
band. With the fifth embodiment, a technique is 
described for adding an improvement from the view- 
point of simplification of the construction in a conven- 
tional optical amplifier which collectively amplifies the C 
band and the L band optical signals. 
[0074] FIG. 8 is a block diagram showing a basic 
construction of an optical amplifier according to the fifth 
embodiment. 

[0075] In FIG. 8, the present optical amplifier is con- 
structed with the C band optical amplifier in the conven- 
tional construction shown in FIG. 24 omitted, and the 
function of this amplifier is provided in a pre-stage C/L 
band optical amplifying section 5* and a C/L ratio control 
section 7 serving as an optical power deviation control 
device is provided for controlling a balance between the 
C band optical signal power and the L band optical sig- 
nal power. A demultiplexer 1 for demultiplexing the 
WDM signal light output from the C/L band optical 
amplifying section 5' into a C band and an L band, an L 
band optical amplifying section 3 corresponding to a 
post-stage optical amplifying device, and a multiplexer 4 
for multiplexing the demultiplexed C band optical signals 
and the L band optical signals which have been ampli- 
fied by the L band optical amplifying section 3, are the 
same as the components used in the aforementioned 
first embodiment. 

[0076] The C/L band optical amplifying section 5' 
corresponding to the pre-stage optical amplifying 
device, comprises for example an optical isolator 5E, a 
WDM coupler 5R an EDF 5G, and an excitation light 
source (LD) 5H. 

[0077] The optical isolator 5E is a device for pass- 
ing only light in a direction from the terminal IN towards 
the WDM coupler 5F. The WDM coupler 5F couples the 



WDM signal light which has passed through the optical 
isolator 5E with excitation light from the excitation light 
source 5H, and supplies this to the EDF 5G from the 
front side. For the EDF 5G, similarly to the EDF 5A used 

5 in the beforementioned second embodiment (FIG. 4), 
the length etc. is optimized so as to have an amplifying 
band for both the C band and the L band. The excitation 
light source 5H is a typical light source for generating 
excitation light of a wavelength band (for example a 

io 980nm band or a 1480nm band etc.) which can excite 
the erbium inside the EDF 5G. Here the construction is 
for a forward excitation type, however a construction for 
a backward excitation type or a bidirection excitation 
type is also possible. 

is [0078] The C/L ratio control section 7 outputs a con- 
trol signal for controlling the amplification operation of 
the L band optical amplifying section 3 based on a sig- 
nal for where a part of the optical signal of the C band 
output from the demultiplexer 1 is branched by an opti- 

20 cal coupler 7A and photoelectrical^ converted by a pho- 
todetector (PD) 7B, and a signal for where a part of the 
optical signal output from the L band optical amplifying 
section 3 is branched by an optical coupler 7C and pho- 
toelectrically converted by a photodetector 7D. Here the 

25 optical coupler 7A and the photodetector 7B correspond 
to a first power monitor device, and the optical coupler 
7C and the photodetector 7D correspond to a second 
power monitor device. 

[0079] With the optical amplifier of the above 

30 described construction, the WDM signal light which has 
been input via the terminal IN is sent to the C/L band 
optical amplifying section 5\ and the respective optical 
signals of the C band and the L band are collectively 
amplified. By means of the amplifying affect of the C/L 

35 band optical amplifying section 5', the C band optical 
signal is amplified to a required output level or above. 
Furthermore, for the L band optical signal, the insertion 
losses in at least the post-stage demultiplexer 1 are 
compensated for. 

40 [0080] The WDM signal light output from the C/L 
band optical amplifying section 5' is demultiplexed for 
each of the respective bands by the demultiplexer 1, 
and the L band optical signals are sent to the L band 
optical amplifying section 3. In the L band optical ampli- 

45 tying section 3, the L band optical signals are amplified 
to a required level by induced emission. 
[0081] Then, the C band optical signals which have 
been demultiplexed by the demultiplexer 1 , and the L 
band optical signals which have been output from the L 

so band optical amplifying section 3 are passed through 
the optical couplers 7A and 7C, respectively, and then 
multiplexed by the multiplexer 4, and output from the ter- 
minal OUT. Together with this, a part of these optical 
signals is branched by the optical couplers 7A and 7C 

55 and then sent to the C/L ratio control section 7 via the 
photodetectors 7B and 7D. In the C/L ratio control sec- 
tion 7, a control signal is output for controlling the ampli- 
fication operation of the L band optical amplifying 
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section 3 based on signals from the respective photode- 
tectors 7B and 7D, so that th C band optical signal 
power and the L band optical signal power become a 
previously set ratio. More specifically for example in the 
case of a situation where a 32 channel optical signal is 
used for the C band, and a 16 channel optical signal is 
used for the L band (to make the optical power of the 
resp ctive channels the same), a control signal is gen- 
rat d for controlling the amplification operation of the L 
band optical amplifying section 3 so that the ratio of the 
C band optical signal power and the L band optical sig- 
nal power becomes constant at 2: 1 . In the L band opti- 
cal amplifying section 3 which has received the control 
signal from the C/L ratio control section 7, for example 
the injection current or the like of the excitation light 
source 3D is adjusted according to the control signal. 
[0082] In the above manner, the construction is 
such that, in the fifth embodiment, for the C/L band opti- 
cal amplifying section 5' provided in the input stage, the 
construction is such that the C band optical signal is 
amplified to a sufficient level, while the L band optica! 
signal, only for the insufficient gain portion, is amplified 
by the post-stage L band optical amplifying section 3. 
As a result, simplification of the construction compared 
to for the conventional optical amplifier can be achieved. 
This is particularly useful when the installation space or 
power consumption is limited, such as in the case for 
example where the optical amplifier is employed as an 
undersea repeater, since the number of parts for the 
excitation light source can be reduced. However, the 
optical amplifier of the present invention is not limited to 
the above use. For example by enabling control of the 
balance of the optical power of the C band and the L 
band, the optical amplification of the respective bands 
can be carried out more stably, and also it is possible to 
flexibly correspond for example to changes etc. in the 
channels used for the respective bands. 
[0083] With the fifth embodiment, the construction 
is such that balance control is performed for the optical 
pow r of the C band and the L band. However with a 
system construction where such control is not neces- 
sary, the C/L ratio control section 7, the optical couplers 
7A and 7C and the photodetectors 7B and 7D can be 
omitted. 

[0084] Next is a description of a sixth embodiment 
of the present invention. 

[0085] With the sixth embodiment, the case is con- 
sidered where in the fifth embodiment, compensation 
for the wavelength dispersion and dispersion slope, or 
compensation for the gain wavelength characteristics 
can be executed inside the optical amplifier. 
[0086] FIG. 9 shows a structural example of an opti- 
cal amplifier according to the sixth embodiment. 
[0087] In FIG. 9, the construction of the present 
optical amplifier, as with the case of the third embodi- 
ment described above, is such that compensation opti- 
cal devices 6C and 6L are respectively provided on the 
light transmission paths corresponding to the respective 



bands between the demultiplexer 1 and the multiplexer 
4. Here the compensation optical device 6C corre- 
sponding to the C band is inserted between the demul- 
tiplexer 1 and the optical coupler 7A f while the 

5 compensating optical device 6L corresponding to the L 
band is inserted between the L band optical amplifying 
section 3 and the optical coupler 7C. For the respective 
compensating optical devices 6C and 6L, for example, 
these may be typical optically passive parts such as a 

70 dispersion compensating fiber (DCF) or a fiber grating, 
or these may be known gain equalizers. The insertion 
position for the respective compensation optical devices 
6C and 6L is not limited to the abovementioned posi- 
tions, and these may be optionally positioned on the 

is respective light transmission paths between the demul- 
tiplexer 1 and the multiplexer 4. 

[0088] In this manner, with the sixth embodiment, in 
addition to the operational effect for the case of the fifth 
embodiment, wavelength dispersion and dispersion 
20 slope or gain deviation between respective wavelengths 
is compensated inside the optical amplifier. Hence the 
transmission characteristics of the WDM signal light can 
be improved. 

[0089] With the above described sixth embodiment, 
25 the construction is such that there is provided a com- 
pensation optical device for each of the respective 
bands. However for example as shown in FIG. 10, a 
compensation optical device 6CL which can perform 
compensation for the C band and the L band collec- 
30 tively, may be also provided between the multiplexer 4 
and the terminal OUT. 

[0090] Next is a description of the seventh embodi- 
ment of the present invention. 

[0091] With the seventh embodiment, the case is 
35 considered where in the fifth embodiment described 
above, automatic level control (ALC) for controlling the 
output from the optical amplifier to be constant, and 
automatic gain control (AGC) for controlling the gain in 
the optical amplifier to be constant are executed. 
40 [0092] FIG. 11 shows a structural example of an 
optical amplifier according to the seventh embodiment. 
[0093] In FIG. 11, the present optical amplifier is 
constructed such that there is provided an ALC circuit 
50 and an AGC circuit 51 for the C/L band optical ampli- 
45 tying section 5\ The ALC circuit 50, as with the case of 
the fourth embodiment, compares the signal for where a 
part of the WDM signal light output from the multiplexer 
4 is branched by an optical coupler 50A and photoelec- 
trically converted by a photodetector 50B, with a p revi- 
se ously set reference signal, and outputs to the C/L band 
optical amplifying section 5*, a control signal for control- 
ling the amplification operation so that the level of the 
WDM signal light output from the optical amplifier 
becomes constant. 
55 [0094] The AGC circuit 51 uses a signal for wher a 
part of the WDM signal light for input to the C/L band 
optical amplifying section 5' is branched by an optical 
coupler 51 A, and photoelectrical^ converted by a pho- 
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todetector 51 B, and a monitor signal for the output light 
used in the ALC (the signal via the optical coupler 50A 
and the photodetector 50B), to compute a gain in the 
overall optical amplifier, and outputs to the C/L band 
optical amplifying section 5', a control signal for control- 
ling the amplification operation so that this gain 
becomes constant. 

[0095] In the C/L band optical, amplifying section 5' 
which receives the respective control signals from the 
ALC circuit 50 and the AGC circuit 51 , for example the 
drive condition or the like of the excitation light source 
5C is adjusted according to the respective control sig- 
nals. 

[0096] In the above manner, with the seventh 
embodiment, in addition to the operational effect for the 
case of the fifth embodiment, by operating the C/L band 
optical amplifying section 5' under the control of ALC 
and AGC, then even in the case where the input optical 
level changes, a constant level WDM signal light can be 
output. Moreover, changes in the gain wavelength char- 
acteristics can be suppressed, and amplification of the 
WDM signal light can be stably performed. 
[0097] With the seventh embodiment, the case is 
shown for where AGC and ALC are executed concur- 
rently, however control with only one of AGC and ALC 
can be applied. Furthermore, the C/L band optical 
amplifying section 5' is constructed for AGC operation. 
However the L band optical amplifying section 3 may be 
for AGC operation. More specifically, as shown in FIG. 
12, an AGC circuit 30 may be provided, and a signal for 
where a part of the light signal for input to the L band 
optical amplifying section 3 is branched by an optical 
coupler 30A, and photoelectrical ly converted by a pho- 
to ietector 30B, and a monitor signal of the L band used 
in the C/L ratio control (the signal via the optical coupler 
7C and the photodetector 7D), are used to compute a 
gain in the L band optical amplifying section 3, and a 
control signal for controlling the amplification operation 
so that this gain becomes constant then is sent from the 
AGC circuit 30 to the L band optical amplifying section 
3. Furthermore, the above mentioned construction of 
FIG. 11 or FIG. 12 may also be applied to the sixth 
embodiment. 

[0098] Next is a description of an eighth embodi- 
ment of the present invention. 

[0099] With the eighth embodiment, the description 
is given for the case where the first through fourth 
embodiments which use Raman amplification, and the 
fifth through seventh embodiments with simplified con- 
struction, and for which balance control for each band is 
possible, are combined together. 
[0100] FIG. 13 is a block diagram showing a basic 
construction of an optical amplifier according to the 
eighth embodiment. 

[0101] As shown in FIG. 13, with the present optica! 
amplifier, the C band optical amplifying section 2 in the 
construction of the second embodiment shown in FIG. 4 
is omitted, and the function of this amplifying section is 



provided in a pre-stage C/L band amplifier section 5. 
Moreover, as -with the case of the fifth embodiment, 
there is provided the C/L ratio control section 7, the opti- 
cal couplers 7A and 7C, and the photodetectors 7B and 

5 7D, and balance control is performed for the optical 
power of the C band and the L band. 
[0102] The construction of the C/L band optical 
amplifying section 5, as with the case of the second 
embodiment, is such that a part of the excitation light of 

w the 1 480nm band supplied from the rear side to the EDF 
5A, is leaked out to the transmission path L via the ter- 
minal IN. For the transmission path L connected to the 
optical amplifier is an optical fiber where the non-linear 
effective cross section is small compared to the 1 .3ujti 

15 zero dispersion SMF so that Raman amplification can 
be easily produced, and is at least used on the side con- 
nected to the terminal IN of the optical amplifier. 
[0103] With the optical amplifier of the abovemen- 
tioned construction, due to the excitation light of the 

20 1480nm band leaked out to the transmission path L 
from the C/L band optical amplifying section 5, Raman 
amplification is produced in the transmission path L with 
respect to the L band optical signals, and the WDM sig- 
nal light which contains the L band optical signals which 

25 have been Raman amplified, is input to the C/L band 
optical amplifying section 5 via the terminal IN, and the 
respective optical signals of the C band and the L band 
are collectively amplified by the induced emission. 
[0104] The WDM signal light output from the C/L 

30 band optical amplifying section 5 is demultiplexed for 
each of the respective bands by the demultiplexer 1, 
and the L band optical signals are sent to the L band 
optical amplifying section 3 and amplified to a required 
level by induced emission. Then, the C band optical sig- 

35 nals demultiplexed by the demultiplexer 1 , and the L 
band optical signals output from the L band optical 
amplifying section 3, are multiplexed by the multiplexer 
4 and output to the transmission path L via the terminal 
OUT. Moreover, a part of these optical signals are sent 

40 to the C/L ratio control section 7 via the optical couplers 
7A and 7C, and the photodetectors 7B and 7D respec- 
tively, and balance control of the C band and the L band 
is executed. 

[0105] In this way, with the eighth embodiment, by 
45 having the construction where the C band optical signal 
is amplified to a sufficient level in the C/L band optical 
amplifying section 5, using the C/L band optical amplify- 
ing section 5 of a construction where the excitation light 
of the 1480nm band leaks out to the transmission path 
50 L, while the L band optical signal, only for the insufficient 
gain portion, is amplified by the post-stage L band opti- 
cal amplifying section 3, an optical amplifier where an 
improvement is achieved in the optical SN ratio for the L 
band optical signal by the Raman amplification in the 
55 transmission path L, can be realized with a simple con- 
struction. As a result, an optical amplifier of reduced 
power consumption which can collectively amplify wide 
band WDM signal light, with excellent characteristics 
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can be provided. Furthermore, by enabling balance 
control of the C band and the L band, optical amplifica- 
tion for the respective bands can be more stably per- 
formed, and can also flexibly correspond to changes etc 
in the channels being used. 

[0106] As with the case of the sixth embodiment, 
while not shown in the figure, compensation optical 
devices are respectively provided corresponding to 
each band, and compensation for the wavelength dis- 
persion and dispersion slope, or compensation for the 
gain wavelength characteristics can be executed inside 
the optical amplifier. 

[0107] Furthermore, as with the case of the seventh 
mbodiment, at the time of executing ALC and AGC, the 
construction as shown in FIG. 12 is suitable. As shown 
in FIG. 11, with the construction where the C/L band 
optical amplifying section is AGC operated, in order to 
monitor the input level it is necessary to insert an optical 
coupler at a pre-stage of the C/L band amplifier section. 
However, since excitation light from the C/L band optical 
amplifying section towards the transmission path is 
attenuated by the optical coupler, there is a situation 
where application of the construction shown in FIG. 1 1 
to the eighth embodiment is difficult. 
[01 08] Next, for the abovementioned eighth embod- 
iment, specific structural examples are further enumer- 
ated hereunder corresponding to an up line and a down 
line. Components of the down line corresponding to the 
up line are denoted by the same reference numerals. 
[0109] With a structural example (1) of the optical 
amplifier shown in FIG. 1 4, the construction is such that 
for the basic construction shown in FIG. 13, there is pro- 
vided compensation optical devices (here for example 
gain equalizers) 6C and 6L corresponding to the 
respective bands, and the C/L band optical amplifying 
section 5 is ALC operated. These constructions are pro- 
vided respectively to the up line and the down line. For 
the excitation wavelength of the L band optical amplify- 
ing section 3, either the 980nm band or the 1480nm 
band may be selected. In the case of the 980nm band, 
a low noise and low power consumption are possible, 
while with the 1480nm band, a high output is possible. 
[0110] With the abovementioned construction, C 
band and L band optical amplification can be executed 
with as little as four excitation light sources for the up 
line and down line, and the improvement effect in optical 
SN ratio of the L band due to Raman amplification is 
also obtained. Furthermore, a constant level WDM sig- 
nal light can be output by ALC operation, and balance 
control of the optical power of the C band and the L 
band is also possible. Moreover, this construction also 
has the advantage in that the up line and down line can 
be controlled independently and individually. 
[01 1 1] A structural example (2) of the optical ampli- 
fier shown in FIG. 1 5 achieves an improvement in the 
excitation efficiency by having the L band optical ampli- 
fying section as a bidirection excitation type construc- 
tion. Here, for the respectiv up and down lines, 
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excitation light of the 980 nm band output from the exci- 
tation light source 3D is supplied from the front side to 
the EDF 3C via the optical coupler 3B. Moreover, excita- 
tion light of the 1480 nm band output from an excitation 
5 light source 3H which is used in common for the up and 
down lines, is supplied from the rear side to the EDF 3C 
via optical couplers 3G and 3F. 

[0112] With the above described construction, by 
adding one excitation light source of the 1480nm band 

io to the structural example (1) shown in FIG. 14, then for 
the respective up and down lines, L band optical ampli- 
fication with excellent excitation efficiency can be real- 
ized. Other operational effects are the same as for the 
case of structural example (1 ). 

15 [01 1 3] Here, with the above described example, the 
construction is such that the rear excitation light source 
of the L band optical amplifying section is used in com- 
mon for the up and down lines. However instead of this, 
for example as shown in FIG. 16, an excitation light 

20 source 5C of the 1480nm band between the C/L band 
optical amplifying section and the L band optical ampli- 
fying section, may also be used in common with each of 
the up line and the down line. 

[01 14] A structural example (3) of the optical ampli- 

25 tier shown in FIG. 17, achieves an improvement in the 
noise figure by having a construction of a bidirection 
excitation type where front excitation light is supplied to 
the C/L band optical amplifying section. Here, for the 
respective up and down lines, excitation light of the 

30 980nm band output from the excitation light source 3D 
is branched in two by an optical coupler 3H, and the 
branched respective excitation lights are supplied from 
the front side to the EDFs 5A and 3C via optical cou- 
plers 51 and 3B. Further, the branching ratio for the opti- 

35 cal coupler 3H is set so that the excitation optical power 
supplied to the L band optical amplifying section is 
greater than the excitation optical power supplied to the 
C/L band optical amplifying section. 
[0115] With the abovementioned construction, a 

40 part of the excitation light used for L band optical ampli- 
fication, is used as front excitation light for the C/L band 
optical amplifying section. In this way, the noise figure 
for the C/L band optical amplifying section can be 
improved without increasing the number of excitation 

45 light sources. Other operational effects are the same as 
for the case of structural example (1). 
[0116] In the case where an excitation light of the 
1480nm band is used for L band optical amplification, 
then for example as shown in FIG. 18, an excitation light 

so source 5J of the 980nm band may be separately pro- 
vided for front excitation of the C/L band optical amplify- 
ing section. 

[01 17] A structural example (4) of the optical ampli- 
fier shown in FIG. 19 is one where the structural exam- 
55 pie (2) shown in FIG. 15 and the structural example (3) 
shown in FIG. 1 7 are combined together. By having this 
construction, an improvement in the excitation efficiency 
of the L band optical amplifying section, and an 
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improvement in noise figure of the C/L band optical 
amplifying section can be achieved. 
[01 18] A structural example (5) of the optical ampli- 
fier shown in FIG. 20 is one where for example with the 
structural example shown in FIG. 18, the front excitation 
light source of the C/L band optical amplifying section is 
made a redundant construction. Here, the front excita- 
tion light used in the respective up and down C/L band 
optical amplifying sections, at the tinp of normal opera- 
tion, is supplied from the normal excitation light source 
5J of the 980nm band via an optical coupler 5K, and in 
the case where an abnormality occurs in the normal 
excitation light source 5J, there is made a switching to a 
standby excitation light source 5J' of the 980nm band. 
[0119] With the above construction, since one of 
the excitation light sources of the C/L band optical 
amplifying section is made redundant in the up and 
down lines, a fail-safe optical amplifier construction can 
be realized. Other operational effects are the same as 
for the case of structural example (3). 
[0120] A structural example (6) of the optical ampli- 
fier shown in FIG. 21 is one where the structural exam- 
ple shown in FIG. 16 and the structural example shown 
in FIG. 20 are combined together, and the number of 
excitation light sources is thus reduced. More specifi- 
cally, for each of the up and down lines, the rear excita- 
tion light source of the C/L band optical amplifying 
section, and the rear excitation light source of the L 
band optical amplifying section are used in common, 
and the excitation lights of the 980nm band output from 
the excitation light sources 5 J and 5 J' of the redundant 
construction used in common in the up and down lines, 
are respectively supplied from the front side to the C/L 
band optical amplifying section and the L band optical 
amplifying section, via optical couplers 5K and 5L. 
[0121] With the above described construction, with 
only four excitation light sources for the up and down 
lines, the C/L band optical amplifying section and the L 
band optical amplifying section can be made bidirection 
excitation type, respectively. Moreover, since the 
respective front excitation light sources are made 
redundant in the up and down lines, a fail-safe optical 
amplifier construction can be realized. 
[0122] In FIG. 21 , the construction for the C/L ratio 
control section 7 for controlling the balance of the opti- 
cal power of the C band and the L band has been omit- 
ted. However depending on requirements for the 
balance control, the C/L ratio control section 7 may 
appropriately be provided. 

[0123] Moreover, the above described respective 
structural examples (1) through (6) are examples of 
specific structures for the eighth embodiment However 
the present invention is not limited to these structural 
examples. Moreover, with the respective structural 
examples, AGC is not executed. However the construc- 
tion may be such that the respective L band optical 
amplifying sections for the up and down lines are AGC 
operated. In addition, specific structural examples for 



embodiments other than the eighth embodiment can be 
easily realized based on the respective structural exam- 
ples (1) through (6) etc, and hence description here is 
omitted. 

5 [0124] Here, is a description of a construction for 
the case where the respective optical amplifiers shown 
in the first through eighth embodiments are applied to a 
WDM optical repeater transmission system where a 
supervisory control signal is transmitted from an optical 

io transmission terminal or the like to a repeater station, 
[0125] FIG. 22 is a block diagram showing a sche- 
matic construction of an optical amplifier provided with a 
processing function for a supervisory control signal. 
[0126] As shown in FIG. 22, a processing function 

is for a supervisory control signal is realized for example 
by an optical coupler 8A provided between the C/L band 
optical amplifying section 5 and the demultiplexer 1, a 
photodetector (PD) 8B for converting signal lights 
branched by the optical coupler 8A into electrical sig- 

20 nals, and a supervisory control processing section 8 for 
detecting a monitoring signal (SV command signal) sent 
from an optical transmission terminal side to a repeater 
station (optical amplifier), based on a signal from the 
photodetector 8B, and sending a modulation signal cor- 

25 responding to a response signal (SV response signal) 
sent from the repeater station to an optical receiving ter 
minal side, to the excitation light source 5C. Here the 
monitoring signal and the response signal are transmit- 
ted by superimposingly modulating the WDM signal 

30 light with a low frequency. 

[0127] The supervisory control processing section 
8 discriminates information related to the transmission 
condition of the WDM signal light, based on the 
detected monitoring signal (for example the number of 

35 the channel being used, and the number of the chan- 
nels etc.) and transmits this to the respective sections 
inside the optical amplifier. Furthermore, this produces 
a modulation signal corresponding to the response sig- 
nal showing discriminated information or the operating 

40 circumstances of the self -station. By modulating the 
excitation light source 5C according to this modulation 
signal, the response signal is superimposed on the 
WDM signal light. 

[0128] In this way, by providing the optical amplifier 
45 with a function for processing supervisory control sig- 
nals, optical amplification corresponding to the trans- 
mission circumstances of the WDM signal light can be 
performed. 

so Claims 

1. An optical amplifier for amplifying wavelength divi- 
sion multiplexed signal light which contains respec- 
tive optical signals of a first wavelength band and a 
55 second wavelength band, comprising 

optical amplifying means for amplifying said 
wavelength division multiplexed signal light 
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using a rare earth element doped fiber to which 
excitation light is supplied, 
wherein the excitation light used by said optical 
amplifying means has a wavelength capable of 
producing Raman amplification with respect to 5 
optical signals of said second wavelength 
band, and 

by supplying a part of said excitation light used 
in said optical amplifying means to a Raman 
amplification producing medium which forms at 10 
least a part of an external transmission path 
arranged on a pre-stage side of said optical 
amplifying means, wavelength division multi- 
plexed signal light which contains optical sig- 
nals of the second wavelength band which is 
have been Raman amplified by said Raman 
amplification producing medium, are input to 
said optical amplifying means. 

2. An optical amplifier according to claim 1 , 20 
wherein there is provided demultiplexing means for 
demultiplexing said wavelength division multiplexed 
signal light into respective optical signals of a first 
wavelength band and a second wavelength band, 
and multiplexing means for multiplexing respective 25 
optical signals of the first wavelength band and the 
second wavelength band which have been demulti- 
plexed by said demultiplexing means, 

said optical amplifying means has a first ampli- 30 
tying section for amplifying optical signals of 
the first wavelength band which have been 
demultiplexed by said demultiplexing means, 
and a second amplifying section for amplifying 
optical signals of the second wavelength band 35 
which have been demultiplexed by said demul- 
tiplexing means, and 

by supplying via said demultiplexing means a 
part of said excitation light used in said first 
amplifying section to said Raman amplification 40 
producing medium, optical signals of the sec- 
ond wavelength band which have been Raman 
amplified by said Raman amplification produc- 
ing medium, are input via said demultiplexing 
means to said second optical amplifying . sec- 45 
tion. 

3. An optical amplifier according to daim 2, wherein 
when said first wavelength band is a 1550nm band 
and said second wavelength band is a 1580nm so 
band, a wavelength of the excitation light used in 
said first optical amplifying section contains a 
1480nm band. 

4. An optical amplifier according to claim 3, wherein 55 
said first optical amplifying section comprises an 
erbium doped fiber, at least one excitation light 
source for generating excitation light of a 1480nm 



band, and an optical coupler for supplying excita- 
tion light generated by said excitation light source to 
said erbium doped fiber from a rear side, and a part 
of said excitation light is passed through said 
erbium doped fiber and said demultiplexing means 
and supplied to said Raman amplification produc- 
ing medium. 

5. An optical amplifier according to claim 1, wherein 
there Is provided demultiplexing means for demulti- 
plexing said wavelength division multiplexed signal 
light into respective optical signals of a first wave- 
length band and a second wavelength band, and 
multiplexing means for multiplexing respective opti- 
cal signals of the first wavelength band and the sec- 
ond wavelength band which have been 
demultiplexed by said demultiplexing means, 

said optical amplifying means has a pre-stage 
amplifying section for collectively amplifying 
said wavelength division multiplexed signal 
tight input to said demultiplexing means, and a 
second optical amplifying section for amplifying 
only optical signals of the second wavelength 
band which have been demultiplexed by said 
demultiplexing means, and 
by supplying said excitation light used in a part 
of said pre-stage optical amplifying section to 
said Raman amplification producing medium, 
wavelength division multiplexed signal light 
which contains optical signals of said second 
wavelength band which have been Raman 
amplified by said Raman amplification produc- 
ing medium are input to said pre-stage optical 
amplifying section. 

6. An optical amplifier according to claim 5, wherein 
when said first wavelength band is a 1550nm band 
and said second wavelength band is a 1580nm 
band, a wavelength of the excitation light used in 
said pre-stage optical amplifying section contains a 
1480nm band. 

7. An optical amplifier according to claim 6, wherein 
said pre-stage optical amplifying section com- 
prises; an erbium doped fiber, at least one excita- 
tion light source for generating excitation light of a 
1480nm band, and an optical coupler for supplying 
excitation light generated by said excitation light 
source to said erbium doped fiber from a rear side, 
and a part of said excitation light is passed through 
said erbium doped fiber and supplied to said 
Raman amplification producing medium. 

8. An optical amplifier according to claim 1, wherein 
said Raman amplification producing medium is an 
optical fiber which is designed so that a non-linear 
effective cross section is small compared to a 
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1.3u.m zero dispersion single mode fiber. 

9. An optica! amplifier according to claim 1, wherein 
said external transmission path is of a hybrid trans- 
mission path formed by connecting a positive dis- 5 
persion fiber having a positive wavelength 
dispersion value and a positive dispersion slope 
with respect to a signal light wavelength band, and 

a negative dispersion fiber having a negative wave- 
length dispersion value and a negative dispersion w 
slope with respect to the signal light wavelength 
band, and one end on the side of said negative dis- 
persion fiber is arranged at an input side of said 
optical amplifying means and functions as said 
Raman amplification producing medium. 15 

10. An optical amplifier according to claim 1, wherein 
there is provided optical power constant control 
means for monitoring an output power of said wave- 
length division multiplexed signal light, and control- 20 
ling an excitation light driving condition of said 
optical amplifying means so that said output power 
becomes constant. 

11. An optical amplifier according to claim 1, wherein 25 
there is provided gain constant control means for 
monitoring a gain in said optical amplifying means, 
and controlling an excitation light driving condition 

of said optical amplifying means so that said gain 
becomes constant. 30 

12. An optical amplifier according to claim 1, wherein 
there is provided supervisory control means for 
processing a supervisory control signal transmitted 
together with said wavelength division multiplexed 35 
signal light. 

13. An optical amplifier for amplifying wavelength divi- 
sion multiplexed signal light which contains respec- 
tive optical signals of a first wavelength band and a 40 
second wavelength band comprising: 

pre-stage optical amplifying means for collec- 
tively amplifying respective optical signals of 
said first wavelength band and said, second 45 
wavelength band for said wavelength division 
multiplexed signal light, 

demultiplexing means for demultiplexing the 
wavelength division multiplexed signal light 
which has been amplified by said pre-stage so 
amplifying means into optical signals of a first 
wavelength band and optical signals of a sec- 
ond wavelength band, 

post-stage optical amplifying means for ampli- 
fying only optical signals of the second wave- 55 
length band which have been demultiplexed by 
said demultiplexing means, and 
multiplexing means for multiplexing optical sig- 



nals of the first wavelength band which have 
been demultiplexed by said demultiplexing 
means, and optical signals of the second wave- 
length band which have been amplified by said 
post-stage optical amplifying means. 

14. An optical amplifier according to claim 13 compris- 
ing: 

first power monitor means for monitoring the 
optical signal power of the first wavelength 
band which has been demultiplexed by said 
demultiplexing means; 

second power monitor means for monitoring 
the optical signal power of the second wave- 
length band which has been amplified by said 
post-stage optical amplifying means; and 
optical power deviation control means for con- 
trolling the operation of at least one of said pre- 
stage optical amplifying means and said post- 
stage optical amplifying means in response to 
the respective monitor results of the first and 
second power monitor means, so that the opti- 
cal power deviation for the first and the second 
wavelength bands becomes constant. 

15. An optical amplifier according to claim 13, wherein 
said first wavelength band is a 1550nm band, and 
said second wavelength band is a 1580nm band. 

16. An optical amplifier according to claim 13, wherein 
there is provided optical power constant control 
means for monitoring the optical power of the wave- 
length division multiplexed signal light output from 
said multiplexing means, and controlling the opera- 
tion of at least one of said pre-stage optical amplify- 
ing means and said post-stage optical amplifying 
means so that said output power becomes con- 
stant. 

17. An optical amplifier according to claim 13, wherein 
there is provided gain constant control means for 
monitoring a gain in said pre-stage optical amplify- 
ing means and said post-stage optical amplifying 
means, and controlling the operation of at least one 
of said pre-stage optical amplifying means and said 
post-stage optical amplifying means so that said 
gain becomes constant. 
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